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(54) METHOD FOR HEAT TREATMENT AND METHOD OF MANUFACTURING 
SEMICONDUCTOR DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
heat treatment for implementing the formation of a high- 
quality ferroelectric film at a low temperature, such as 
400° C or about, the formation of a contact section 
having a high contactability at a low temperature, the 
formation of silicide rapidly at a low temperature, or the 
like. 

SOLUTION: This method for heat treatment comprises 
at least two kinds of lamps. The first lamp (halogen lamp 
or the like) 6 is lighted up to heat a sample (silicon 
wafer) 8. When the sample reaches a specified 
temperature, the second lamp (flash lamp) 7 is lighted up 
to further increase the temperature of the sample until 
the sample reaches a desired temperature. That is, this 
method for heat treatment comprises a process of 
heating the sample using at least two kinds of lamps 
which are lighted up at different times. In this method, a 
first source of heat and a second source of heat 
different in light emission wavelength distribution and 

radiation time are combined for the purpose of reducing a thermal budget in a contact process, 
so as to make interconnections, contact sections between electrodes and a semiconductor 
substrate or a conductor film, or the like rapidly react to reduce a contact resistance. 
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[HH] 4 0 0 •cmm.<Di&MTm^stj:^m^fim^m 




m=s:MmL. m^^'kmrnsm-n^ic. moss 

^sstffiSi*ii*M(DS&<5 2 •^mmm^mt.K m i ©jra 
iBT-r s f) tcs^ 2 (omf^m^muM i ©fin^ts^Rs**^ 

■r Sit 3 (cfeigcD^jiSftiiacDSSB:^)^ . 
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ISII 2 (DlM^ii, l&n^fH-C n > i7 h g|J©Sfc;*J(E 

•5^^ 2 7?»Sif *W 8 ©c»-rn/p(csi8©^i^»sig 
{c«rai»«8jg%:A-i/-ri!»a: < <!: i)B©r;t' 5 ^-i; Aie 

iii5*^(4:aS?:^,A!iii-r ^XfitCfc t^T . *jtTB#Pa© 
S&Sd>«c< i*>2gSJW±©^>:^?:fflC\ III©S 

s© ^ > :^*,^*r L . iSJtr* u < wmw^^sias 

*5eTt- -5 ttfCCI^ 2 ©SSI©^ > S 7 -7 :i 7 
1 ©Sil©5'>:7'©*JJB#HI<fc 0 «>^it>B# 

[0 0 0 1] 

[^ig©s-r2.tr(fiij>»] c©^Hj«, i|£^^©u{ffi^ 

g©«jS*StcM^S 4)©t?* 
[0 00 2] 

[«e*©g?*fi] ia^. ^mmW^^'J (F e r r o e 1 
e c t r i cRAM) *«aa3nt:C>S. DRAMiBS 

t»*>^Ji<^»^ns4)©<tlyt:»i^%ai^^>•c^,»s. 
m^w^ ^ ';m^©Brffl4^ 1 6 tc^-r. S7!)>6h^p.*> 
)a:<t^ic. T*>e.»iK:. h^>5;^;^4'. s^^li»=^=^"'^• 

{C*Jl,i-C+-i'/>"i/4'©TSI5^® 1 0 1 zfXy-- VU^ 

*i 0 , 5S^mfljJS 1 0 2 4^^-c±g|J«ffi 1 0 a 

wms.. ^'^v^T-i^ (w) *sfflt>e.ns. 
[0 00 3] y *$i«-r-&i«^©s»3© 

■C*-5. ^MiBiBI*}^(fi-r-5fci«)©F7-/x.y5^>y-?. 

ihiC, cn^.©:7'D-feX*i^SffiT-Ctf*3 
n4©-e^^>Ki>;l'3>^&PZT (Pb (Ti.- 



(3) 
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Ztx.. ) O, ) ■?>df>^'Ji'»j^ ha^^^-^At^;^-?;^ 
SBT (S r, B i TaO, ) i^oy^^W^f-cmM 

-3CDX3^ib-C. {?d^«> 1 - 3 1 7 5 00# 

;^©raia*«. ?^«»-C*4 P Z T-?>S B TCDISSfb 
SS*5> r;i'5-';;Affiiia<DWA.SiaS (4 5 0*C) J: 

T4>5 5 0*C-e*»J. SBT©*i^»^iS< <t4> 

a. 

[0004] C(OJ:^ tjimm^mt-iifcisbic. 
fgJj!iS®S*'4 5 0 'CffiKOCVDCChenrical Vapour D 
eposition)t?}^JS^a:^a-fe;^*iff^?tir fi 20 

•C^16-r.2)C£«ii5ct,='„ 5 0 0*C©JS^. 

RTP (Rapid Thennal Process)*) — 3©*©tft 

^ffi©RTP-C. fiSJ^tf. 6 5 O'CCCjJffi^L 

fcti^. 4 5 0 'C&JlicsmLX^.>i>mw^ifiMi^>>fcli>, 
T->i'5-'?A«:S!H*si§#tri/S5. c©J:5«:3iiS-c 30 

SyT-C©-?'ai2Xi(,>5$«affltcJ«5S*ir. 

[0 0 0 5] 3B«Eh^>i?;3^*©«ttm*jl* 

y- h^jt®*«ss;L//ci L-ci>m}mf3:mimmi}m 

atffi-rsfisa^,©— o{C3>5ri> h >^a-bx©{SS^l:AJ 
a«. s i»«©«ffi±(cae^K{bJg*s??«EL/ 

■ci»4fca{). ^+i*iPISBi*o-c#BI<fc©3>4fi' h 

«r<!:-S.©*5ilL/t,i. i|i^^$|g©3 > ^? ^ hgp© 

mn<Dm^im^ii. '^rommpytiaf^.^-c 5 5 0 -c m 
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[0006] LifiL, V{M<Df^(&m^mt't--7)l^-ii^ 
X. -y < . gtn*©ig(,»^i|-C4)^>A 1 

^^«fi4©M^JC*iS14eB^t'^©ll«©fc2i>Kwe 

stt3&iiiflnL//c»)-rsyti*. h^>i'x^'^.©jiffl*sffl 

fl U 3 > a? i' h g|5}f^fi£©I^S!iajaa?: 5 0 0 
5. cnW, 5 0 0*C£(T©S»*!iS-CBi'y=i>|^^ 
[0007] 

[f6IS*!»^bJ;5i-r-5.^^] ]a±©<i:'5(c. Jgah 

^bsns^cR^•ry- ^afii^^^b<i:l,»^ras*sBWE^fc 

L/TC^-S. -5-L/-C, BU^©ffi-9---7Jl"'^*i^^ 
©yy-2>*iSW2»Ci3&iHi*4*«. ±Jfi©J;5K:r^l' 

tf K J; 0 «c s*ifc*>©-c* 0.400 •c@a©ffis-cm 

^u^-^wm^^m-?-^ c t . > ^ 1? htt© 

-f Ffl5EE4?f5c:i<ci'«rSag-r*fc«b©§SftJ!iS:*riaS 
[0 00 8] 

asi«±©5>-7'*<i^. mi©5>-7"*.'SWb 

-C|i;*44*nr^L.. -S©SS{C^L/ciC^-el|2©-5' 
>:7''£**T U. i*|sf©ilK=fe 3 h Ki^S ■l±0fa©ilS 
tcSiJ^-tf t4&.5C:i=&!|#fiiO-Cti5. «e3fe©RTP© 

i8^> ^M©SK*t?— «s©7>:/-cjjn?^-ri>. 

jSiiaffifflS=&7 0 0-Ci-r4i. 7 0 0-C*-Cl« 

0 "c/^-Ci^s Lfci-rsi, 700 -ctcirj^-r s 

«)K^a{c 2 0 #jw±*s-r -sfc*. \'-^ jKommi^ 
mt3o»^^m±i>. ^ifi^mt^mm-c&K). c©± 
KT^i'5-'i7AfieiB*sffM3n. ^©±(c)isiffiMM* 
/M. Tj^fiS 3 n/c?aii«»ig*ei&<bK J: o JiMiaffl^ 4 

J©^CC*il,>-C. rJl/5^'5A{C<!:-:>r/@:f^iaS-CS)€>4 

5 0 ■ci:i±ictm$tii>m!snt. 1 0 mu.±icR^c i 



;u 5 i -i; A tt. 4 5 0 -cvumimvfx h 1 Bmii.^w 

Lf3:i.\ 5 0 0 'C-Cit 1 0 ~ 1 5 #gS«> Im^^riSfeW 
i,Ctiii-C^^. 5 5 0*C-C»5~6#gS». 

[000 9] S^K. 6 0 0-C-Ctt. ;*:»1~2#-C^ 

lf^-&. rji/5-.5AW. 6 6 o-c-e^a!i-r.&. L/*^ 
- $ X ;^ ;u S#s^ t, >/cfe {C T Jl' 5 - A (DjSffi 

[ooioiaiot*. ^>:7'x:^J^^-^9^sla^*s 

x4^;v=f^-*s0tc^bfcx*;U^-ft«|*>6^*.5. i@ 

s^tfc^^:.^^cx;^;^^=•-«> x^^s.^v^^-tidoMK* 

» 1 ©^>7--C?Siim»li?:gfS©iag (T 1 XWT 

2) {c^«i)!)n!8ii/Tte#, yccc. ^i^iHj^sas-a-sc 

i*S-C*2.^2(D7>-7'-C. 100 0»©1# 

eao^Btrao ^ ccissftjaa ( t c ) k s-ciSLK* 

±WS. l^2©^>::^7»J4-jt'5x*;U^^-S«. ^)!)D 
|^(DfiSJC«K#L.-Ct,i^.. ||2©v>:7*(Dx^oU=^'-fi 
?r^l>^£< (mtf. E2) U/cOi^ti. ^tfjUnS^K 
^iaf< T2) 5^ii)!)D?^B#H|«:S<T4 

(t?(l^«> t2)<!:SCi. -7^ •y->a^>7'?:l|2©^ 
L.-rffli<»/ciS^(C*jt,sT> x*;l/=^---a* 2 7 
(J ) / cm' jyT(c^^-rn«. 5Sg|S<*:M© 

^liJ]nJ»iaa*4 0 0-C«:^^^Si. y=y vly=. 
7>:?'©x*jb+--». lOJ/cm' fc(±-Ciliafb-r 

[0 0 1 n ^ffi/inl^*5 5 0*C{ca:^-r.5i. 
i'»v>:7'©x*Jl/4^-*«7~8 J/cm' -e*g||rfkT 
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-5. c©J:^{c^}jnSSa*illSt<=.Jg^«. 1^1 
©^fitttlS^aS?:l#«TK:T-2.Ci5tiS-C#*„ 

^l/S::i'?A{Ci-:>rP«^gi©^j:t,>SS-C**a{i. c<D-fjm 
h^mviih. S»2©5>:7-eEn^-r€>^x4^ 
10 ;!'+*-©;';# 3 J: -:>r», 5 0 0 'CliS©^!!!!!!}* L 

ymifim^ &-!r-XtC*tf£:-C*5ili^iliil£t>lSffltt* 
^■^©-C*)S. 

[00 12] 2|s||^», ^:?•a-^2;^©■t^ 
mmtSifimrj:i>m l ©«niailill2©»Pl»iBi«:ia*^ 
i©=J>^'i' hgi5*«3£JSl£^-t*-5.ci«:i: 

•5 3>is?i' hfa6i©<affi6t{t*i||is3n€>. sfc. 
mM^iuR^f^mmrsT'fimtc^m i ©j)ni»aaiii2 ©» 

X ^? icmmx-^ -5 c i *^sM{c 0 . jg-?i$t4©i«ttte 

30 <S4*]!)nfSft<»S-r.5ISK. .#.*:T^M©M>S:5;i>^c< ife2 
aaW±©^>:7'<&fflc^Tftll^TSXg**ffiL. BUlB 

a 7 > 6 & Sl^ 2 ©iffiS© 7 > ly r S«i|B^ 

[0013] :^^m<o^mwm&<o»m.^mt. M^mi^ 

tmmim. «> k »fra^«i4«s<!: ©msb^ zyui^v 

immomu^ 2 o©ttij»asti6ffli,>. 31 1 (ormm^WL 
« L . M»f f L < »MS*^±mfftjaffisa*ifiT-r 5 
BoK^2 ©j)nigji(S4rBui2^ 1 ©}jnisys©MW^ra<t 0 4> 



[0014] miEmitm^MTi'CitZ-^miciti^'J 
2 f*3-c 3 > $ h S|J(DSJ£*5ist-r 

[0015] Sfc. 20 

SPSS. ±aj«e*mx^%--;;^?y>i^ffi 
L < mnicrmmmummr-r stu k» 2 ^ 

> :/-e A 7 ^ 5^ * ^ > 7"^ Btf leSK 1 CDSS© ^ > 7' 
[0 0 16] 

i.x:^m^<Dm^mm.m.^mmti>. ccDf^mmmw 
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(J. 3 kW<D^f>1?'X7^>/^ay>•7>:?'-Cl 6*. SS 

-5. W7>:/w. (,»-rn«>*ti^n^ffl©^iS9. lo 

SO' :? -7 f i-' a ^ > *jtT@ife «v v-f^vicjr-^r 
*i]83)3n.S<fc^0c^)iR§n-ri»S. BfliB2affl©v>:/ 
«, fttii;©5>:7'-C*-5Ci*s*Kfit)-C»^i<. ^-^y 

2 ofgw e.n/cts? -Y 7'©7 >:/r *>iu«©5aim*«i^-r 

[0017] ^XK. m 1 RC^2 4#ML/rl| 1 ©HJS 
miftBB-rS, Sltt. i{i5g<*»«<!:i5i^<!:©n>5?i7 
hg|J©»$a*a4IJi?B-r5.Kj&XS»tS0ra!!)S. * 

■r. 01 (a) {cajn-rsj:'>K:. #ies'>y3>s« 

4 1 {CC V D (Chemical Vapor Deposition) jS'C 2 0 0 
nm©SiO, M4 2^*tfflS-ti^. ;X{C> 131 (b) 
{cS^-r.5>J;^tc. SiO. )li4 2*/N*dr-r.>i^L 
tr. 0. S^imXO. 3 am©a>d'i' h7L4 3*ian 
■rS. ^XfC, S i O, K4 2*v;^i'iU-Ci";=«>¥ 
^*^a«4 HC!j<n> (B) *Jjnai*^l'+'- 1 0 k e 
V, K-X5X 1 0*' cm-'-e>f3f>aA-rS, cnK 
J:0. 01 (c) tcH^-rSJr^tc. -r*>aA®44 

j&jji^fssns. cct?. ~>V3>*^<*s«4 i©«ffl 

KtJ. pS!Sfl^(S^*8!»«:Bg6f . P. As3SE©'f:*-> 
■aA{cJ;^nM^m®*i}i^^3nT€>m(-^ C©f^> si^ 

> :7'finfS'J^ ( R T A ) <l>^mm■mf^^x i o o o -c 

10#©^MS*tf5. cn«:J:>5. 121 (d) tCm^ 
J: 5 fc. 3h >riA)l 4 4 ©*SB^|5|ffl*itf fc>n€> ii^K 
^tiB!B)©?£14{tMft>ti-C. 'f:t>aAJ14 4{J, V- 
K U -f i'tCfflt,^ P M:^*ifi«!lfi£ti«S^ 

4 7K&-5. >XtC. C©:T^*fi!^tt»t«HS4 7±fe^J&r 
U 'J n>i|£^*»«4 1 ±tcHff 3 0 n m«T©^S[ 
4 5%it«3-&?.. ^^|g4 5itT«>";3>i|i#i* 
««±©e^«K{l:BI«:ii7c-r#a^. Ti*s 

[0018] cmcjgU/c^i LX. fl6«C»IIIa> IV 
a. Vag5©Jlill!.*#S*s^tf6n«. C©^. 

1 ?:^#H^*-C5S5^1-J]niliPF*?-C4 0 0 -c 
icmfl^L. affecfJ«CX4^;l'+'-^gl 0 J/cm-\ /^• 
il/Xiliil ms e c?rWf SXe-7-7-7->*7>7'?:l.'N- 

^imm4 1 i©:*--5 h*iji5i?s?*T, 

fc. SI (e) icmTjk-ti^^ic. iSfii*©fiC> 

^iiM4 6 . m^it. A 1 ^ig;i4 0 0 n mm&im^ 

aXipfb, :3>a/i» h?L4 3{c^fc#t:>'>':5»-^>^b 

g© 3 > ^ h spj^fiSKfcw jS^»njgijfp©!S«>aa^fr 
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5 0 0 •aH±<OUSrCS!^lSi!SM S ti S C i t » 

PJJ<D3>d»t5» hatS%3ISIIt/ciC5> 1. 3X10 ' 
[0019] SIJS^K:*jWS3>^4' hffitnCDfijl^m 

4 0 0 'COSSJU^Oa^m^ SI (e) il^Cfllit 
©t^- > -/^U S 2 J:b«^t^ i b T S . ttg^t^IOIt > 
7';l/S2(Da>5f^' hiSei^jia'Jl/fciC5. 5. 3x lo 
lO-'Qcm' -db-yfc, fie^CDjS^JJni^© 

*©?siteffi^«= 5 5 0 *c. 9 0 ^•cr^m^tifcm i 

(e) iglClf^tDt^^T^OUS 3©=i>5?i7 hffijn*:* 
mVtctC^. 2. BxlO 'Qcm' -C*o/c. ±jS 

JUS 2«:Jt'<-C3>5f hffiei*s«o<(STL'-cte»3> 

[0 02 0] ;j(:tc, llSfiCT©-t>->:7Vus 1 . J;b«^fil©-y- 
>7';i'S 2Riy:St3fefi!II©-!f>:7"Ji/S 3Cctec»T. 20 
iKi y 3 >^l^»tt;»Si (03 > h SHOnMomWl 

7iM<Dfmit ( a t o m%) . SI#*5A r a|->Xy^• v 

:m^icm}t-bx<.>^. 02 (a) *5|?i6M-9->:^Ji'S 
1, H2 (b) *tJt«?W>7-JUS2. a2 (c) 

mKCoS M^^W-CfcD. #SlgTi<fcCoS 

[0 02 1 ] ia2{CS^3n-5J:^{C. l:tiJ0«©-!J->:^;l' 

5 2r53:. T i /C o S i , l?ffi{c^**i*|ffl3nr*J 
•J. Co S i, ±K:«ei»ft©B^®tfb)g (S i o, . c 
OO) *l»q4L.-Cl>SC<!:*J»*>*, SSISP>|-y-> 
7";l/S 1 Riy:i!e3fcp!|-y->:?';l'S STJ*. C o S i , ±{C 

l,>4Ci*S:»*>-5. *6{C«. T i iTifti'V3>*^ 40 
<i^ffii©tiS:e;tft*^^D-C*s 0 . T i -> y tf^ FJl* 

S 2 -ctj. ^«!yfflB#ra4 9 0 5j«±gswr 4>. T i 2^ 

s^^bs©ji7ES^e^^Ma^cJ:s^";•t^-^ Ks©m 
ja^i!iat?a'> u 3 >*^fl:S«*Bo©a^K{bS*^ 
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^mmtTi&t^ y n >i|i«ftSfii©iSaSlE*inf*g<!: 
*«l|3^-C|fft:4>©-C*S. 

[0022] :*:^BHtJ. ±iaJlitBflltcRS6n2.^>©r(J 

[0023] ^XK. 0 3 nmm 5 s#m^-cii2 ©use 

miftH^-r-So 03 «, l:bf5f5tJ-y->-7'Jl'S4©3>:Sri' 

n^mmm-C^ 0 . «lW*!7c5R©ifflfiSJ:b (atom 

%) . «tt3!iiAr 'f;i->:^/N- ?d'y>^^^ra (^) «r« 

©IS 1 (Dmmmic bfcifi-yx^mims'&mm-ri>, fa 
0 . c ©iijst« K w ^^mmm. i y 3 

^©za^dJi' hS|5*}^^-r?.fc»©l»Ma^fr»> s« 
SS* 1 0 0 ~4 8 0 'C. X e :7 7 .7 S^a 9 >:/©M*f 
x^;m^-iga% 5 — 25J/cm' ©ffiBrtCcSJt-T 

5„ ipi^. c©ieiSF!i-c(i. mi<otiammicj:?>miRis. 

3!P'6©K8*SW-rK:jg^!|$tti L/T©3&<b%ill60?c 

l^iaS^^friL/. lff2©J)nl»«i-C5i?fe!S:$»©<g*^ 
l^9-C3>5? i' hgp©Sl£*!Cat-r-#*M*fJ^4^-'U=*^-tt: 
SftSLrti-S, SQfiWtc*jt:f43>»^hSI5©JSlc^« 
'^m^^fctblC. SSS)S=&5 0 O'CfC^^U. Xe-7 
7 •;»->:x-7>-7'©MWi4^Jl'^-lBS* 1 0 J /cm' 
fClS:^ L/ fc1?- > ^'^U S 4 4 tbtSfW <!: 0 "Cf'PSS-r 5 . 

[0 024] l:biHW©-9->:7'Jl'S4©Al ««!<»: :WetJ 
telfeBra©3>t>i' hSii=&*i>Jl/;AciC-?,7. 2xi 
0-^Qcm' -C*-ofc. ±ai©<Sm*^6. i:b*5t«lt^>7• 
ju S 4 tt. mi ©Slite«a|©-9-> S 1 i tb-t-C 3 > 5f 
hffifixA^SPo-ritAU-CLt 5Ci3!»i^5>!&>-5/c. 0 3 

<a)W. J:b®!«»I©-y>:?"JUS4K:-OC»-C. :t-5^x» 
3fe»#f3!P 6 3 > 3« i9 h SP©SiejK^«^*SI'^fcifeS 
J;b«?m>7-;US 4-C»T i MtCffl^S 
©K«*SK0ii*nT*jf3. S^ffiiC$5)l 5nmfie© 
T i mitm*^^&LX\>^^t,ti)^*)ti>. T i iy'J'f^ F® 

«. atSfiS*iiSf<^J:'5«i'#Hm©15S*§W:P<^c 

{c J: t) T i y K®®fiES*3»i*iJPB3 L/ * ^ C 
<t=&5^iSL-Ct>-5. -r^cto^, it$j?m>-7*Jl'S4-C 

^)gT i jis®?<bSnr*6»ft:iji-5t:i/Sn>ifcc 
ii. T i i/y-y--^ K©JaS*sai«)3nT0*r>fcCi 
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[0 0 2 5] ^cr. V';r2>^^ftsffi<7>s«ias[* 

=*^- : 1 0 J /cm' ) (D^i^. H 1 ( e ) tcaTK-T^. 

(O^ly^^ VmtAU. 3. 1 X 1 Q-'Qcm' -C**}. 

3(b) tcW-9*>:7";i/S 5CC-::)Cir. :*--t>:n^31c^#f 
:3 > ^ >; h g|5C0j5J;t:ff^Sla)^T^P-i/ciem^ii^ U 
rc^^o fel±cOtgm:0>6. Till(D^jfcStB?:PI±t-5 10 

ffiijgin n > a? ^7 h (ommtmm'c$:> s c i ^^^^j^^^ 

ffi 6 ^ r ^> ^ffl i ( J I ^ ^ ^cC I > o 
[0 0 2 6] 04^^. ffi;1^-':^;^>'^'>>Jl hT'3>:§r^ 20 

«Sai. l^2cr)Jra^WCcfcSXe:75';^t>'^^>>'' 
(/>Vl/;<i|g 1 m s e c^> (DmMx,j^)l^^-^At(Dm 

n'SCi:0i5>;«^^-&o 051^. X e vi^^ 7> 1 

1 0 0--4 8 0"C, Xe7^^ft^^^>::^<3[)K8 
ifx^>jU+---^g^5-'2 5 J/cm' (DffiHWtCS:^ 

[0 0 2 7] ^Xtc, 06^#RgLr^3CD||i6WcoC^ 40 

'rS/ca?><D«SST«iBiL/'C. 5-2 O^OOS i j&i^flD 
3n/c^S^mttli^*S?-li'So T i - 1 0%S i C7> 

3 >mm»M^<DmmmR4 o o "c-cx e ^ 

>::^^x4^JU^-mSl 0 J/cm^ 

01 (e) «:|g7j^'r'5«igO-9*>::'0US6 4fPi8 
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- ^mm(D{mitimi> c i * 

[0028] C<D||ifiWc*5t:t-&if >'7';US eos^u 

;^cD^Xfi«*»^<Dif >:/;us 6 i|5iDT?S>S*^. S 
i ^mmoD^mmr i ^li®T«6Jli L/c1f >:/JI/S 1 

c^T. 2^:^r^/^•>rTx^I^5VEPttlB^cDg^^y-^msfe 

i^mLfctC63, 5x 1 o-'^A/cm' r*-:>/to 
S/c. A iaffii:FiN6«rt£t5aiW<On>a?^ h«t?i». 

3. 6xio-'Qcm' X^-otCo —fo. VcMmoy^ly 

X. m^')-^mm^mmLtctc^>. 5. ixio-^ 

A/cm' (:n>^^ htStS: 1 . SxiO'^Qc 

)r*)o/Co 3 6>CC. ^2Cr)aif^ilS*ffit>"rtC||l 
CDljn^iS<D<52^^ 5 5 0 'C. 9 0 ^(D^mi^^y-r^'tdSt^ 
t«1f>:7';l/S3cDJg^y-^mS£K2. 6xio-'A/ 
cm* (33>a?^ htata :2. 5Xl0-'Qcm* )-e 

sst3:2«fja<fc(s<aD. m^xn^m^^^mx^ic 

[ 0 0 2 9 ] II 2 o:>1mm^U^^t>^± €> 3 > a? ^ h SP 

So 136 Ji. SffiSS4 0 0'C'CXe:7<^'>'>^'7>'7' 

;&^|^j:4^;l.:^'-^^a 1 0 J / c T' 1 

/cB#cr)T i if^CcS^lra^nSS i CDfitC^^f S :3> a? h 

ffitsi«^y-^m«s (svEpjHiB?) (omm^mfn^ 
mx^^o s i (Dmmmf)^m±^\t^t^^>^ ^ hmtnftt 

^^mtc^ctcox^^s imMM<ommiit. 5-^20 

[003 0] ^HiSiKi zy y =1 >^j£g|<*Stg<!: CO 
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s i ^mm'r^cti)iw^x$,^ctf)^m^^. 

ffl:tft$Sl|S5 7(7>*ffiCCtinA;l/ hi/';if-(^ K (C o S i 

±CC B P S GmSLZ>'t<DAL(0 T E O S 6 ft ^JIM 
[0 03 1 ] Bra*6i»M5 2(D«ffitt. ¥ifi{t^n. T 

i N/T i ^^^)r ^ ^ )\^mtc(D^^^}r M ^ )\^m^c^i^ 
titcA 1 -cu^^M?&^6^^2n/c^)Siei^5 9f)m 
^snri^So ccD^Kia«i5 9iMos h^>e^xa? 

(D^y-- h 5 0 R?>':^Js6!^ffitft^^ 5 7 « . HWIS^ 
J!i5 2^CJi^fi)c5n/c3>:$?t5^ h?Ucffli?)i^^n/cJ8iS7* 

y r ^ a? i c cD/^' u r y 3? jujiccs^ n/c ^ > 

(W) ;?P6«^^nrt>6o C(DS^:/^^5 8 30 

oa*sji^«E3ti'ri>-5<z)'c. iStsfntcftorii€> (as 

(a) ) „ -ecr. a^5i. SM:7•^>/CD/^M;ry^;^ 
a«:Ji5lSUT:«^>6 5 5 Q-C. 9 O^^O^fj^-rr^^^-^H/ 

-5 (tas (b) ) o C<D^i6f?iJ-C&iCCDJ:5ft^ft='CT 

^-^v^tT^^r. ^mwm^^m9^mmm(fCj:K^ 4 o o 

ms e c 4WS"SX e ^^t^^ •5'>:;^* 1 
MW^-a-'So cnCCctD. 4 0 0 "CCOfiS-C* «3 ft*5 

6. fie*<Li^D. 08 (b) (tCTjkrA^momi^^f^ 

[0 0 3 2] ;^0C. SI 275Mai 4^#H§Lrm5CD 
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m-f^o 01 3«, FRAM;^^5m$n/c*^ttSScD 

Ka0-c*-5o '^o:>¥KAutmf&itifc=¥m'Wmm. 

txmmrzumt i^x v'7:^iy::^^<o±j,c^mwsd>^ 

m^n^¥KAum&<o^^MW^mommjLn^mmr 
tcffii^^n^SMos h^>>^;^^^ffJj?£C/ ( 1 ) . 

(2) „ ^floa. Bra«M*lS*/M.-C®iK«<*lg«:WT 

^^^^^i^^^l^y^^^ (3) c co*^i*^®t3:. 0 

1 6^CiS'rFRAM1tiS(D4><DtcJ:b$5Lr+i'>^^•^>a^O 
[003 3] Cti'^P::^;^*'>f h^je^WT^SS^mf* 

c <D=^ t^mM^w^^ tlx I i €>mi^?EaifflM o 

S h^>SxX^, WL«CCDMOS h^>S^;^^CDy- 

ViiCW^^inx{.>i>^-VU. BLiJMOS h"7>>?;^ 

01 3». ®iim<*jRfi4co*^5fepmttM^*"r€> 
i; 33 >^t^^<$% e> ft ^^mwmm 2 0 L o c o 

Snri>-5„ *z9ftS«2 0<Z)affi«igcc«y-;^/K 
U>f >^i|JiLTfflC^6n€>n^^^«£lfe«i|S2 1 

jf^fiS^nri^-So v-;^/Ku>f ^^i^Mcoicctj^- 
^^nrt^-So y-Kifa (WL) tc^:<>i^y-hme2 

3«. #y^'yn>Mi^ye^';::'>M±co^>y:^7=' 
vtxyif-r K|gft^5j>:^6ft»:). ±ffi&i>";n>^{bMtc 
<J:9«S3n-Ct^^, i|£«{*S«2 0tt. -y--hSffi2 

3 *s 5 cfc ^ ccMHc V D '^tc J: »:) jfj^5 n/tfira*6jt 

M<i:UTfflC^6tl'5>BPSG(Born Phospharus Silicat 
e CI ass 6 ft m 1 OJ»l»ig 241CC<t«3tftS5n 
TCi^o lllcr)^#M2 4 Ui. CMP(ChGfrrical Mech 
anical Polishinq) ft i'tC J: D WIgS tlT^a^b^*! 

[0 0 34] mi<Dmmymm2A it^at^^vr^^^v 
g^/^a?'l±/cT;^^^':;Aft<^:CD^JlB5i^2 5 i^o^a 
^ih^nm^*ixi,>i>o m i cD®raMMK2 4 i ±^ 

fri. ^n-enil27!yMS4©^JS13l82 5 2-2 5 4*« 
ai*ii^fl$^? n/c y n >K{bl®ft 6 ft 2 7!r 
M^4CDgMte^®2 4 2-'2 4 4;65JKfiS3n. ^40 
iaf9ilAi^M2 4 4±(C»||50l3rBli|ft^li2 4 53^«S 
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stix<.>i>. i^5(Diaiyiii6iiitei2 4 5(D±(c». mi^ 
fBm^m2 4 5(c@^ML. T^m@3 0 1 . ^mmw^ 

14*W-rSPZT^St'<D34iSI«»S3 0 2SCJt7*U- h 

(PL) {cii*5€>±gBm®3 0 sijim^xmrn^titcm 

[0035] TSP^ffis 0 1 mmmmm2 4 stcs 
RRsnriiSo ±siJmS3 0 3 5J. p tig5!»p,^fiS3n 

Tt»S. =*=*-'Si'^'C*ttS-rSJ:5KBSil^M2 4 
5±Ki»«BI2 8*i)^fiS3n-Cl>Si»ltlii2 8». TE 

OSK (S iO, li) miPhtjii>, te^ie2 8«, C 
M P )5: £ tc J: 0 q^S^b 3 n-5.. ^i^M 2 8 tJx v 9^ > 

^'tc J; 0 3 > i' h f LSiyfie^^*i?f^fiS;3 n. c (CT 20 

jI/5-'i/A«ci'<D^«IB« (PL) 2 9*sa*ii*Jl^fiE 

Sn-S. Ji(±> Sil9L//cFRAMfC*Jtit:+i'>'-f->:5f?» 

5, fiSt)^. PZT-¥>SROPfti-©58gS«ftK4r 
[0 0 3 6];^iCCC, 01 5*#«5L/Tll6©JQ6m3i 

'^ifiWyfSu^tvtc^wm^ommmxhh. (i 0 
0 ) 3 >^|iltflLS« 3 1 AtiB?iR#H«, 30 

ifi'r 8 5 0 -acJUPJau. Bill 1 0 0 n mCO^KfkffiS 2 

U>iJ^tC<fc-:>-CT;l'5:^'?A (A 1 ) Ii3 3?:M/14 0 

0 n mggiSa-r*. C©±tC. S i H, iN, O**;^ 

V DiS fc<t D =1 >K{tK 3 4 
0 0 nmgait«-rS. C©^|i^»Sfe3 1± 

1 ) M3 5ia^ (P t) 3 6?:> -en^tiS 0 nmi 
1 0 0 n ni©|g|/?-C«a-rS. 'X(C. flCJf;^-'^-:* >; > 
d/*|g«rfflt^r. 9=^df>KS^->L'3>KI& (PbZ r. T 40 
i,-. O, , JilT. PZTtCJ^) msl^WMl^ 0 

[0037] c (o^^mim^^ 1 *s 9 i<c^^tmm!m 

*>e.©^^>^/X7">/^a•y>5>:7' (^1 ©^>-7') 6 
tc 3 k W^SA U . 1 #H K 8 0 'COjSffi-C^ U fc, 

#jai§*s*ie> 5 fi>aj4 0 0 •c©iijaty/ci^*T7 5 ^» so 
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*^>:/ (II2©7>:/) 7* lliI/cW**Tl^> ^©Ot 

i/*^>:7'7©,'^J:TB#ra«. 1. 3ms e c-CibO. ^ 
©x*;l/^^-«. 12J/cm' t?*?*. C©J:^«:3|e 
^19 b /c^«»SS ^ X ^0 5J#f L fc i C 

»«) -cfJPZT^JjgSftu-ct^ite^Po/tOKjsfo. -y 
i^H^^bL'-CU.S c idJSiigsnfc. l5B$(CTift©TJU 5 

->t7AM3 3©R^*^fiS!^i^asm-?sat»a-e^'>< 

^k?-l±-&C tAj: < P Z Te3 7 *i^^^k3-«i-^C i^inj 

^>:/7K:j:S^«BJnKafiS*4 0 0X;K:BSL/. PZ 

TS©^^S'fb«:s-r s 7 ^ -7 » ^ >7*8 ©tH:t»=lr^'< 
fciC6. 1 0 J/cm' lilJi-e«iSa{b*secSCi 

[003 8] sft:. m^^mmmm.^^<=y^'-'^--t 

L/t:T;l'5-'?A)K3 3€:^{b3-«*'2.C;i>i< PZTM 

3 7«ites^bs-a-ac:i*ia3fe€.iSH=&^'<s<i:. ^fll 
floi^KSFra* i^Jiirt^c-rntf 5 5 o-ciiis*-ci!n^i/-c 

4)T-»W5^'?aM33 b*« ia c e> 1/ » C i ifi^mrc 
^tco c©*ssl*aS3 i±K:Wiy:p t«3 z^r)i'd 

». 150nm<tL'?c. C ©^^©^ffi#f4 ?:9J5£ U /c 
tC5. ^S»Sffi*53 0 MC/cm2*f5. aS©R 
T A-rlSS^tL-fcP Z TKKJt$SL-Cf556afe*«^j:C»C 

t|-e$)6. C©*!-^. tS!l 0 kW©«:^^MS^*5f> 

ie^©fcsi){c^i£^i*a«3 1 ©®af«*/s«yfcnTc> 

KBfK:?3ftm:>3©BIM€:W-SCi*iBJ«6<!:%4. 
[0 03 9] PZT|g|{c|SP,-rSBT 

(SrBiTa, O, ). BTO(BaTiOa ) fit' 

^ < <Dmmm^'r?>ifi, ^^^m^mm-n c i j: o 
*«H^«. ^t^«(*as±{c}^Rgsn/c?s^^i*ig©ilsa 

(SrTiO, > STOiBS) . h o>5^'? 

A • yA-'J'i'A (Ba. S r T i O, ) ©^^{L T 
a, O. ©MS^bii^©Ti6«:•^^SI»x;^J^4^-i&fflJ 
SO I. ^cWn«^c t» :?'ci -fex Ki^E < lEffl-r 2> C <t 364 

[0 040] 
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T'5Se^#=^ V ^ ^Jf^^T -S) C i ti^^mdctj: 
[0fficDffiWj:Sil^] 10 

[04] ^^ ':/^>^^>:7-^ l(mfi8WL>/cB$(DfiStS;rJ 

[S5] •7^';/S^3L^>:7*^ 1 OlHlMS*L/cB$CDfiffiirL 

^ ^ > :7-o«§l4 X 4^ ;l/ =f - S&fi <!: coB3^^ij^-r«Fl4So 
[06] T«6^B)atc*f-r S i (D^ftOSi n > a? ^ h 

[07] *^ffJ<Z>ns;^^:;^^T-:«fiJi$^S$ti/c^>'Jri>^J^ 
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[09] *:^W<Z)^i^S^ScDM»rS0o 

[010] :*^eg^:sf^l9^^»^>:?'x:^;^+•-<b?asfs 30 
-«7?tt^^-ri#tt0o 
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